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DRAFT FOR TWO BRIDGES IN THE FEOFIE'S REFUBLIC (F KOREA

[Follcwing is a translation of an :article by Graduate
Engineer Rolf Neeser, Homhung, Korea, in ihe Gerran-
lenguage periocdical Beuplanung-Bautechnik (Construction

Planning -- Construction Technology), Leipzig, Vol. X,
No- 7, July 1956, pagas 280"2860] :

Early in 1955, the Council of Ministers of the German
Democretic Republic decided to assist in the reconstruction
of the provincial capital of Hamhung (Province of Ham-Gen-Ne::-D 5)
by dispatching Germen engineers and skilled workers and by
delivering machinery end construction materials.

The author of this article is a member of a delegation
of German specialists who ere playing & key role ia the re-

- building of the city of Hamhung in the Eorean People's Repuo’ic.
The econcmic aituation end the geographic location of Korca
indicate certain designs and structures whach are also of
interest to our construction cngineors in Germaay. It was

. paxt of the Job of this group of Geumau speclalists to pre-

© pare the drafts for two major bridges. Tuese projects con-
gstitute tho subject matter cf this article.

Geographic¢ Peculiaritles

The Koreen People's Republic extends from the 38th to the Lj:f
parallel. It thus lies in the transition zone from suptropical *o o ¢
moderate climate. The land is mostly mountainous; its elevatiom iw. -
the north, for instance, exceeds the 1,000-m line quite often. On
the besis of these two ebove-mentioned factors, we have considerulle
deviations in temperature and precipitetion, compered to those oif
Central Europe; these temperature and precipitation deviations are <
great importence in construction werk. - o BT

 Tpis fact le also expressed Strongly in Hawhung. This eily
lies in the eastern part of the country, in the region of the Noth
Korean coastline of the Sea of Japan.. This strip 1s on the averags
40 km wide arnd is seperated from the imberior of the country by mcun..ir
vanges. Most of the region, including the clty of Hemhung; 18 traveused
by consequent rivers. 'The rivers have valieys whos‘e,' lover cours~s
have veen greatly widened through lateral erosion and have thus cra “ad
aliuvial deposits. Huge quantities. of rubble ere carried along It 1
the upper courses, which consist of narrow V-valleys. ' :
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Tt is characteristic that the rivers consist only of upper azd
lower courses. There is no middle course as such. The rivers are
relatively short end are not navigable.

The Sea of Japen coastline is that part of Korea which is mc3%
effectively closed off against the west and the northwest by high
mounteins. The climate accordingly differs from that of the rest of
Korea. In Hamhung, we have the following temperatures, for instancs.

Elevation inm = 13 Mean Values 1935
Mean temperature : -6.0° ~5.(?
Janvery Mean minimum temperature »12.5° “e
#bsolute ninimum temperature -28.7 -15.£°
Mean temperature 23.88‘ 23.£°

Avgust Mean maximum temperature 28.0 -
#bsolute maximum temperature 38.2° b2,0°

Precipitation is concentrated during the months of July end
August, at which time a third of the entire annuel precipitation fells
during the rainy seeson (Figure 1). The rivers at that btime rise
extraordinarily within a few hours. Since the rainy Season falif _r3-
cisely during the main construction season of the summer months. we
have & considerable loss of working time in bridge building here,
especially when there is no work being done on the foundations. Praxsa
is almost no precipitetion during the winter. The water level i&
extremely lcw. There is no ice flow here.

AS we said before, the city of Hemhung stends on very th..ck
alluvial deposits. This is also why the bullding ground is poor S ough -
out the city area. Even three-story buildings must be built on . ‘83,
In the area of the two bridges, we made thorough 8oil studies to
which we shall ccme back later.

Eroncmic Copditions :

Every construction engineer who doces not want to work exciuslively
with imported building materials must femillerize himself with the
econcmic situation of the particuler country. It was one of the
special tasks of the German team to explore and use dorestic coasi.iig-
tion materials as much as possible. The design therefore had to be
adapted to the avalleble construction materials. Scmetimes it was
oven necessary to make compromises which are not customary. in Euw.obe-

Like Germen industry, after 1945, North Korean industry is
today unsble to supply sufficient quantities of cement, which 13 the
rrincipal construction meteridl. But considersble guantities can on
pade available for engineering construction through the use of othrsr
binding agents, such as lime. It is natural that the cement is us-o
as speringly as possible. Reinforced concrete 18 maae by the Koreai.
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Foople's Republic itself. The delivery capacity is gtill limited
at this time, but will increase constanuly through vhe increase in .
production end the rsconstruction cf the industry. The quality )
corvesponds to that of our Grade I reinfcrced concrete. Sieel suit.
able Tor prestressed concrete is not yet available, This was ons ov
the reasons why no prestressed concrcte was used for the two dratts,
tnough there was a great temptation to do 8o. Tais task will have
to be solved by Korean engineers several yeers henco. Then the ru-
guired skilled labor will also be availatle. :
Until nov, Korean construction hardly ever uged natural suonc.
Some of the very good rock types were used merely a3 broken materiai.
Korea Still hae considerably more building lumber than we in
+the German Democratic Repubiic, for instance. Buat the forests have
suffered greatly during the war and the ruthless tree cubtting of
the Japanese. It therefore hed to be one of our nost important tas’:3
to show the Korean engineers how to develop good constructions with
1ittle lumber. Only in this way can a lumber shortage be avoided iun
the near fubture. .
Particular bottlenecks are bicumen and tar papecs. These Gwod
items are available only in very small, imperted quantities. We
sherefore could not insulete the bridges, as we are accustomed to
doirng in the German Democratic kepublic. .

Traific :
v The counvry’s road trefiic mirrors its development. The m.a:f
of traneportetion in Korea are the age-old oxcart and the modcrn
track end bus (Figure 2). The percentage of auimnl-Grawn wralfic
(mostly teams of oxen) 15 still quite high at this morent -- abo.t
0% =- but it is being slowly lisplacsed by ths constartliy increasii:
umber of motor vehicles. The average Speed of the moborized vernl. <3
is at this tire slower tnen in Germeny dve to the damagec roads.

In eddition to the vehicles, the nunber of pedestiiens is
st1ll very high. These people nust run across the bridges in the foelic
lancs of “he vehlcles, Since the Japanese, in their con3truction
projecls, did not allow for any sidewalks on bridges. “hough the
existing bridges are very narrcw (7.5 n at a length of 500 L), anG
though they can hardly handle all +the treffic duriug market psii-dis.
wraffic accidente are very rare. This 18 due primeriiy to tho grut’s
care and consideration of the drivers. _

Construction Maverials ‘ e
We roferred to the supply of comstruection naterials in ove ¢l.-
cussion of the economic situvation above. e : .
Tet us look &t the use of these constructlon materials hils o
in this light. The former vest foreste supplied enough lumber. ¢ i
wooden bridges howover are no longer standing. Lumber was not rs-
placed with steel concrete anbil after 1900. Meny wooden bridges




were ripped away each year by the sudden floods during the rainy
Seeson. The currently permissible bending stress is 100 kg/sq cn, .
a8 in Germeny. Reductlons in this ratio for fresh lurber and lumba:
used in structural perts exposed to humidify and or moisture are
xade only In part.

It is still very difficult to produce good concrete. Since
the Japanese for almost 50 years used only their cwn skilled labor
from Japan in a deliberate attempt to deprive the Koreans cof specie. -
lzed knowledge and skills, we have especially & Bhortage of skillcl
workers nocw.

The process of making. up aggregate for concrete according +0
the screen line method wes not kmown. The solidity of the comcrets
was to be attained through a very high cement admixture. That is
why the Koreans were now all the more enthusiastic about in learnin.
from us. In addition to skilled leborers, there was above all a
shortage of good mixers.  The cement aveileble for bridge comstru..s: o
cores very close to our Z-225 cement, qualitywise. sggregate 1s
aveileble in good quality and sufficient quantity wear the city of
Harhung in the form of river gravel and broken material. The screer.
line of the river gravel however must in most ceses be further im-
proved, since there are no middle grain size groups &S a result of
the surveture of the rivers. The permissible stress -- taken over
from the Japanese -- 18 very modest. This stress takes into congid-
eration the great uncertainty end unreliability in the production of -
concrete. In the cese of road bridges, we have=, = 50 kgfsq cum for
plates and beams; for railroad bridges we havec) h5 kg/sq cm. -

The German standards were used for the drafts at hand. We
figured on the basis of the permissible stresses in these standa: is. -
The required concrete grades B 225, respectively, ‘B 300 can be

ettained. -

The use of steel in construction g0 faxr differed only in i
somewkat lower permissible stress of T = 1,200 kg/sq cm.

I Hanmhung Bridge across the Hb-rion-tson

Existing Situation

'Tre road from the provincial capital of Hamhung to the coasy
and on to the north of the country crosses the Ho-rion-tson righi '
behind the city. Though this river is very short (40 km), it is
300 m wide between the dems In the area of the city. The river o Rt
file 1= filied for the entire width oniy during the rainy season.
The middle chamnel 18 only 35 m wide and shifts every year.

‘The old bridge crossed the river at a right angle. Since
the highway axis approaches the Ho-rion-tson at ean acute angle, lae
bridge was tied in with two smell bends. This solution, which used
to be customary in Germeny in the past, was used by the Japanese 1:.
all ceses. Tne author did not f£ind one highway briuge in North Io"'
wnicn cuts across the river diagonally. - :
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The structure congisted of a steel concrete plate on I-besms
with 10-m spens. The pilers were made in the form of steel concretc
frames., The inside roadway width between the massive rallings was
7 nn. There were no sidewalks or catwalks. This system can be foun.
in many steel concrete bridges; it was apparently a sort of standaru.
solution. In the overall appearance, it is sspecially the pier Fframsa
which made & bad impression. They create a sort of unruly picture-

A1l steel concrete bridges were executed without insulatica -
Fact which seems rather unusual for European bridge buillders
{Figure 3). The average thickness of the plate is 25 cm. The
lateral gradient on either side was achievcd through a special con-
crete slab topping. <The bridges were built between 1920 and 1935.
The concrete is entirely compact, though traffic has been nmoving
on these plates for 20-35 years. In no case were we able to find
wet Spote or blisters on the undersides of the plates, not even afiep
the rainy season. We examined & total of 4,000 sq m of plates fu: '
density. On the basis of these long years of experience, ono must
conclrde thet the roadway plates remain compact ard dense even in
cage cf dynamic load or stress when good concrete is used. We In-
+he Gorman Democratic Raopublic should also pay more attention to tus
use production of directly-travelled roadway pletes in case of
sectional bridges. :

Figure 4 shows, on the right, the dyneiltcd Iemhung Bridge
and, on the left, the plers of the railroad bridge. Thne arericans
blew up the old structure. To meintain traffic, an auxiliery brice:
was built. It is about one meter lower than the destroyed structur:
and ie copnected to the existing roads by rmeans of short, steep
rarps. This is a bad traffic bottleneck.

Location of the Wew Bridge

The new bridge was So chosen as to meet the traffic:recuire.
rents for a neat, direct line. accordingly, the bridge crosses T
river at en angle of 75°45f. The basic speed used as congtructicn
criterion was 60 km/hr. o

City planning calls for the road from Hamhung bo the
Ao-rion-tso to run along its current line. The bridge thus had to
Ve started on the cityward bank, approxirately on the old ebutment.
This solution 2lso had the advantage that the current yvemp covld b~
uSed dweing the first construction phese. For the final structwe,

a new ramp with a radius of 250 m is planned.

Figure 5 shows the situation plan of the Hemhwng bridge acros:
+he Ho-rion-tson Rivex. ' ;

It was intentionally avoided to have the bridge croes the
river at an even more obligue angle, since in that case the new .ie s
would pertly have had to be based on the foundations of the desbrore
railroed bridge. This line would have been theoretically possibls,
since the railro=d bridge was likewise blasted and 1s uobt to be
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rebuilt in this same spot. The partial use of the railroad embank-
ment is likewise not adviseble. The necessary widening of ihis
eribankment would easily cauSe unevenness in the road surfece. The
new ramp connects the landward abu’cment » having a radius of 237.) I,
wlth the exlisting road. :

The helght of the structure‘s bottom edge was given by tie

requirement for a safety interval of 30 cm along the ebutments abovs mas”

highewater level. But 1t was very difficult to get even halfway ¢ .fe
values for the meximum high-water level. The Japanese, who took
water level readings from time to time until 1945, destroyed all

date pricr to their withdrawal. Since then, the water level at Ham iy
kag not veeu récorded. It was not watil 1 Janvery 1955 that the
Meteorologlcal Bureau of the city of Hamhung vegen regular water
level measurements. The questioning of the larger number of olde-
inhebitents at first led to no useful results, but in the course of
time we did pin down & mean meximum velue. Numericai data were ,_
availeble for the catastrophic flood of 1954. This value was 1l.50 -
sbove normal level; this was s8till a little higher then the otler
velues and wase therefore used as basis. ‘The structure!s bottom eigs
at the abutments therefore is 11l.60 m.

The two remps have a gradlent of 2%, -In. between, we have ti-»
bridge with 7,650 m [sic] arch rounding. As & result, the botton
edge in the middle of the bridge is 13.13 m, i.e., 1.83 m ebove mexirmr
high-weter level. This dimension offers adequate safety for dwiriing
obJects which are often swept along during floods.

Traffic Widths .

The bridge is locaied on a maln highway which ls heavily ,
travelled even now. It must be expected that this traffic will n-
creasSe much more, since the bridge willl have to teke, fixst of ail,
the traffic from the new industrial areas and the freight yards
south of the Ho-rion-teon to tne city, and, second, since 1t
commects the port and industrial clty of Hungnam with the provinzi.’
capital. We therefore made plaus for four driving end one standing
lane with & roadway width of 14.5 m. On both sides, we then heve
bicycle paths of 1.5 m width, each, and sidewalks of 2.1 m width,
each. A trolley bus line is to run across the 'briage later.

Static System and Cross Sections ‘ '

To exemine the subsoil for the selection of the Static gy3te.d
and the foundations, we made 10 drill-holes along the new dridge ax. ™.
The average drilling depth was 14 m below the surface. Both the
choice of the drilling sites and the evaluation of the driliing
samples were made by subsoll speciallsts. Here are thelr findirgs.

The subsoll consists mostly of fine and medium sands, layored
in medium density. They contain silty-organlc admixbtures.  In te-
tween, we have several thick silt layers; they are 0.1 to 1.8 m th.lk.
The silt has a soft, plastic consistency and 18 therefore highly cc .-
pressivle. 're gilt layers are 3 m, respectively, T7-6 m below tho

surfeze. Turthor 8115 larers, vhisch 8re thin, weve formd 26 Zyeaicy cep”
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In the middle chanrel bed, the upper layers, up %o the belgl?s
of the river bottom, consist of fine and medium sands; on the lJef* lov
Jand, however, an organically impure layer of brown silh: was founc
with a thickness of 4-5 m.

In view of these findings, it was recommended that a statically
determined system be used: a beam on two sunport pillars was hest
suited as the simplest structural forme. Thon we roughly calculatel
a series of bridge cross sections. In doing this, we algo inves:’.
gated a Sectional and a prefabricated bridge, since the requirem.t
for lumber had to be kept as smell as possible.

The table below will show us the approximate material quanti’ii:3
requived for each system (including piers and Poundations).

W
b}

s

Plate Plate and Sectional ~ Prefabyici.iel
bridge beam bridge bridge beifse
Steel 0.170 t/8q m ~0.140 t/sa m = 0.240 t/eg m 0.1H0 /50 v
Cement 0+590 t/sq m 0.410 t/sq m 0.27h t/sg m 0,600 437 1
Wood 06515 cumy. . 0-535 cu m/e¢ m 0.053 cu m/ Q.10 ooy
8qg m g8q m 36

We sslected the cross Section with the steel concrete nie-
fabricated parts for this bridge.

l. The river cross section must be kept ciear during the r=.r
geason. If a2 falsework were to he used, there would alweys be darg-.
of having it torn away by an extraordinarily 3trong current.

2. Considerable lvuber cuartltise could be saved if w- dié
not use a falsework [skeletuon scaffold].

3. Construction is speeded up considersbly, since the pro-
Tabyricated beams can be inserbteld lumeliately after comvietion of
ths pillars. ‘

4, Construction work can be continued in the winter, if a ,
heatable shed (possibly steam heating) is erected for the produchic:
of the prefabricated parts.

5. Until now, the Korean engirneers were not familiur witli
the method of using prefabricated parts; they could thus learn fucm
this sxample for rubure projects.

The table above shows that the prefabricated bridge offesrs 3¢ -
siderable advaniages but that che most economical cross sechbion iu
this case is found in tke sectional bridge. For spars of 20-L0 u
(in case of 37 spans), this system is superior. But we could no:
vee thne idea of a sectliomal bridge for the Ramhung bridge, since
the steel guantities requived for profiile steel and sheet steel rc. .4
not be supplied.




The Superstructure

The bridge consiste of 18 fields with 17 m pler interval,
each; it thus hae a total length of 306 1.

The superstructure is formed of prefabricated steel concrete
perts, laid next to each other. They have a wide lower flange (which
replaces the concrete form /sheathing/) end are combined into cne full
tlate by means of spot [locally preparedi comcrete. They are 1 m
high and weigh 12 t. The rrefabricated parts are positioned pare.l- l
to the bridge axis and have a span of 16.40 m. While the middle
prefabricated parts have the crouss section of an I-beam, speclal
L-forms were usSel for the edge in order to creute a pleaslang appea: -
ance. The greater part of the steel reinforcemente lles in the lowar
flange. Of these irons, however only the middle two, which lle in
the area of the footpath could be bent upwerd. The olher upward
bends are covered by lrons which are leid in the spot concrete betwser
the prefebricated perts. The entire main reinforcement is 128 £ cw/ %o

Figure 6 shows the cross section of <the bridge.

The lateral steel reinforcement 18 inserted through openin’s
in the girders after the emplacement of the prefabricuted purts. Unis
i8 done from both sides, each time up to the mladle, before the
edge [spandrel] beeams are emplaced. The numerous recesses in ths
girders also increase the bond between tine veams and the spot cen-
cYre Ue )

Pigure T explains the cross section of the prefabricated pax iz,

The footpath [sidewalk; protrudes 1.5 m and is made of spct
ccncrete. The concrete form here 18 supported by three boaxds.

Traffic movee directly oa the concrete roadway. The latter
doee nob have any special insulation. 48 we said before, this meamei
of executing the driveway spreang from the shortage of insulatiou
naterial and from the long experience with structures having thin
roadway plates. An upper mat reinforcement is empiaced accurdins
DIN/Germand Industrial Norm/ 1075.

The concrete sucface of the bicycle paths is rippled and the
gidewalks have a plate cover. For the telephone and high-volte.e
lines, we have three-strand cable form stones unaer the two bLicyclu
ratne. No pipes are used here.

At an interval of 34 dm, 1.e., above every other ples, we brva
the poles Tor the trolley bus line and the street lLigating, placcd
in preparec. openings. The electric line for the 1lluminatiou can
be laeid in a special cable pipe which runs along the poles.

The railing consisie of rod steel. It does not have a kaes (.
foot bar and the rods ave spaced closelye. This type of reiling is
not yet customery in Korea at this time. All solid bridges sti’l
have open Steel concrese rallings. These are very heavy and quiukl,
Yeveal damage. :




Hollow spaces to reduce the weight of the part were not plac &
in the plates in order to make the construction work es simple as
possible, since few skilled laborers were available in the beglanin’-
These Skilled leborers can be nsed to advantage in the produsvion
and emplacement of the prefabricated parts. This high-quality WOrX
18 zoncentrated in & small area eand uakes supsrvision easy; at vhe
sare time 1t also conmstitutes a quick way to vrain the XKorean workeSo

Foundation of Piers and Abutmenss

On the Dasis of the suosoil study, we conmsidered two found: i %
types for the staticelly determined system.

1. Flat foundation with wide pedestals and 6-m long shest
nilings for erosion protection. The settling here will probably bo
whout 2-U4 ome »

2. Pile foundations with an average of 7-m long piles. Eus 't
pilings are required only in the middle channel to enclose the Pivs.

We selected thne pile foundation. If we had used the flat “o.ai-
tion, the sheet pilings would have had to be made of steel conureté,'
which wonld have required additional gquantities of cement and stec.

In addition, it would have been necessary vTo drive through & 81lt inye-
in the area of the foreland. This would have required foundation
depbis of 5-6 m under the tervain surface. The decisive factor .o
favor of the choice of the pile foundation was however its econouy .

Drainage of the Bridge

]?he surface wauer is drained from the bridge through doun-
pipes. The latter are emplaced along the curbstone into the crive-
vay end conduct tie water directly to the river bed. We did not
want to insert special sand traps because these become easily clgg:”
in case of poor meintenance. Sand traps and their melintenanse ave
unknown in bridee construction in Kowvea. This also applies o 8veu..
hridges. The interval between the down-pipes is 8.5 m end tueir
diameter ie T cm. The sidewalk and bicycle path dip toward the
dariveway and are drained by the same down-pipes. The pipes ave
pushed through recesses 1n the lower flange of the yrefebricated pavt..

Architectural Design

mhe old briage was a complete.n.y utuitarian atructure, W_L‘f:u=
out any architectural features. This point can be observed not onil
in bridges, but in all Japanese-bullt stuctures, especially in
buildings, vhere architectural features are certainly evem more .-
portant. It was therefore importent to emphasize the Heauty of «
clean design in this construction. The plate bridge olffered a goold
ocpportunity for this. Tle iailing 18 dellverateiy iignt and thirn.

In iine with Korean mentality, the rigid rod railing was loosenel
up with ornements. Rhytlm is attained in the many orenings by
enphasizing every third light pole. :

©




2. MansSe Bridge across the Song-tSon-gung

Existing Situation ,

The extension of the mein thoroughfare of the municipality
of Harhung crosses the Song-tson-geng at the edge of the center of
the caty. A4t this point, the river is 500 m wide. The bridge runs
along the line of the main highwey Homhung -- Pyongyang and thus
is of considerable importence in long-distence trensrcrtetion. In
eddition, it connects the sections of the city east of the river
with the center. A large pert of the agricultwral drainege area
is counected with the city via the Memse Bridge. The nearest*
bridge across the Song-tson-gang is 10 kn downstrean, shortly befors
the river flows into the Sea of Japan.

The o0ld bridge likewise consists of a steel concrete plate
on I-bears. The plers are frame constructions. The Spans are 12.5 n
wide. This solution makes an even worse effect in the middle of the
city than in the case of the Hamhung bridge. This bridge likewlcc
does not have any special insulation of the roadway pletes. The
bridge crosses the river at a right angle.

The structure was destroyed by ertillery fire and three to
fowr fields were destroyed each time. Altogether 0% of *the bridge
were ﬁestroyedo The gaps were filled with wooden structures, so
shet Lraific can at this time again move across the bridge. The
current bridge cross sectlon 1s T.5 ., which is by far too narrow,
since the numerous pedestrians do not have any sidewalks.

Figure 8 shows the current condition of the Manse Bridgs acrcis
the Song-tson-gang.

There is great danger during the rainy SeasSons, since the
Song-tson-gang cerries considerably more high water than the
Ho-rion-tson. Only last year, during the heavy downpours, the im-
twovised temporary bridges were torn away and driven against the
temporary railroed bridge 500 m downstream. This bridge likewise
had to glve under the water pressure and was destroyed. Figure 9
shows the current old plle-freme structure of the old Manse Bridge.

The New Location of the Bridge

AB we Bald before, the highway axis crosses the river at a -
right angle. The line thus need not be improved. The only thing is
that our Korean friends st firet thought that they ought to build =
new bridge for vehiculer traffilc, right next to the existing suimciuys.
and that they ought +then to. ‘repair the old bridge. and vse 1t as
vedestrian bridge. :

We had to relect +hat 501ution, since 1t was both architecuuxa¢“;
and trafficwise impractical. Let us merely thdn consider the fact
that if the Korean solution had been adopted, the pedestriens on sbe
Sidewalks on either side of the conmecting roads would aiways have
bed to cross the roadway before they could get to the pedestrian
oridge. The selsctlon of the system for the new bridge was greatly
influenced by the exisiing structure. Especially the span could not
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have been selected in anecenowic. fashion. It was thus decided 4o
Wwild a new bridge for all traffic, next to the old one. In view of
the commecting rcads, only the downstream side ceme into considera-
tion. The new bridge axis is 27 n away from the old bridge axis
and runs perallel to it. The inside distance betwsen the ledzes

is 12.50 m. This insures that traeffic on the old bridge will nob
be daisturbed during consiruction even when prefabricated parts are
inserted.

The maximum high-water level of the Song-tSon-~gang is
13.20 m, i.e., an averege of 1.10 m below the dike cirasti. Accord-
ingly, the bottom edge of the structure along the abutment was plassd
at 13.40 m, so that, at a structural height of 90 cm, the upper
edge of the road would be on tie level of the dike crest, hence
at 14,30 m. ILlke the Ho-rion-ison, the Song-tson-gang is not
navigable. At mean water level, the water depth is only about 0.5 a-
In the selection of the span width and height, we therefcre 4id unt
haveto take into comsideration any river traffic.

The vamp gradient on bobth sides was kept small in view of
the location of the bridge in the city. It is 1.41%. The rounding
vadius of curvature is 17,650 m and covers the enbire bridge. At
the two ceuber piers, the height of the bottom edge of the strucove:
i8 thee 1.05 m above maximum average high-water level.

Special attention was devoted to the crossing cf the narrow-
gauge railroad line vight behind the cltyward abutment. A% this
tize, the narrow-gauge railroad is about 1 m lower than the gradisxn®
at the bridge, So that the ramp climbs steeply. The distance from
the abutment Lo the nexrow-gauge railrcad is 30 m. A&t Lfirst we
tought of meking an underpass under the narrow-gauge railroad in
order to avoid & grade crossing. But this would heve been very
epensive, Since the upper edge of the rails would have had to be ;l2a%8
under the high-water level of the iiver. Besides, the narrow-gaiw:
line is to be moved. out of the city ia a few years. We “herelore
kept the grade crossing, but the gradient of the railrocad had to
be raised 50 cm up to the mew highway ramp.

Traffic widths

According to the mew city plen of Hamhung, the Manse Bridge
in the future is to be used rainiy for downtown and local trafiic.
For long-distance traffic, the long-range plans call for a secoud
bridge, which would keep the heavy traffic from the center of the
clty, Normal widths will suffice for long-distance traffic in the
near future. Four lanes of 3 m each, making a total width of 12
were Selected. The bicycle paths again are 1.5 m wlde, each; the
gidevalks are 3 m each ... Lend of original text].
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